Background: Renal cell carcinoma (RCC) is the most prevalent kind of kidney cancer. At present, the most efficient treatment mean is surgery. 40% patients with clear cell RCC (ccRCC) relapse after surgery. Identifying novel therapeutic markers and spots for early detection and treatment of RCC is necessary. Methods: qRT-PCR was utilized to quantify circZFR and miR-206 expression in CAKI-1 and ACHN cells. Cell viability was detected by CCK-8 assay. Colony formation capacity was measured by colony formation assay. Transwell assay was utilized to investigate migration and invasion capacity. Expression of migration and apoptosis-associated proteins was quantified by Western blot. Results: As a result, circZFR was highly expressed in RCC tissues and cells. Si-circZFR suppressed cell growth, migration and invasion of experimental cells. In addition, knockdown of circZFR upregulated miR-206 expression. Moreover, the antigrowth, antimigrating and anti-invasive effects of si-circZFR were attenuated when downregulating miR-206. Furthermore, Met is the target gene of miR-206 in experimental cells. The suppression on these signaling pathways was acted by targeting miR-206/Met axis. Conclusion: The results demonstrated si-circZFR inhibited cell growth, migration and invasion in experimental cells by up-regulating of miR-206. Furthermore, si-circZFR suppressed Wnt/β-catenin and PI3K/AKT pathways via targeting miR-206/Met axis.
Introduction
Renal cell carcinoma (RCC) is the most common type of renal cancer, accounting for approximately 80% of the total samples. 1 RCC also comprises 2-3% of all malignancies. 2 So far, surgery is still the main effective treatment means for RCC. In addition, partial nephrectomy is the most efficient therapeutic measures for clear cell RCC (ccRCC). However, 40% of patients with ccRCC relapse after surgery; 3 it may due to cancer cell unrelenting growth and metastasis. Moreover, other therapeutic options, such as chemotherapy, radiotherapy and immunotherapy, have not achieved satisfying therapeutic effect, because RCC is resistant to these therapies. Although some kinase inhibitors have been used in clinical practice, metastatic renal cell carcinoma is still largely incurable because of the nontargeted effects of current drugs. 4 Therefore, identifying novel therapeutic markers and targets for early detection and treatment of RCC is necessary. 5 Circular RNAs (circRNAs) are an innovative race of RNAs belonging to noncoding RNA (ncRNA), 6 and they have been widely found in many species by high throughput sequencing in recent years. 7, 8 circRNAs are constituted of covalently closed-loop structures with neither 5ʹ to 3ʹ polarity nor polyadenylated tail. 9 circRNAs have been widely informed to play critical roles in multifarious human cancer cells 10 and regulate multiple cellular mechanisms. Moreover, compared with linear RNA, circRNAs have closed-loop structure to confer their higher stability and tolerance to RNA enzyme. There are plenty of studies which reported that circRNAs played vital roles in squamous cell carcinoma, gastric cancer and so forth. 11, 12 However, the mechanism of circRNAs effect on RCC is still limited. Previous studies revealed that circZFR promoted hepatocellular carcinoma, 10 papillary thyroid carcinoma 13 and gastric cancer. 14 Nonetheless, the function of circZFR on RCC remains unclear.
MicroRNAs (miRNAs) are small ncRNAs molecules that control gene expression level after transcription. 15 Accumulating evidence shows that miRNAs represent abnormal expression in many human tumors, such as RCC, lung tumor and breast tumor. [16] [17] [18] And miRNAs function as an indispensable regulation factor in initiation, development and metastasis of tumor. 19 miR-206 was widely acknowledged in cancer. For instance, miR-206 reduced osteosarcoma cell malignancy in vitro. 20 In addition, Cui et al elucidated that miR-206 suppressed proliferation and forecasted poor prognosis of cervical cancer cells. 21 Furthermore, Met was reported to play a vital role in prompting RCC. 22 And Met is the target gene of miR-206.
In the current investigation, we aim to reveal the function of circZFR on RCC and the potential mechanism of circZFR effect on RCC via regulating miR-206 and Met.
Materials And Methods

Clinical Specimens
Clinical human kidney cancer tissues and para-carcinoma tissues (n=22) were attained from Linyi People's Hospital. All patients accepted no preoperative treatment before surgery. We informed each patient and obtained their consents. The present research was allowed by the Medical Ethics Committee Linyi People's Hospital.
Cell Culture
Human kidney cancer CAKI-1 and ACHN cells were attained from American Type Culture Collection (ATCC, Manassas, VA, USA). Cells were developed in Roswell Park Memorial Institute-1640 (RPMI-1640) medium (Gibco BRL, Gaithersburg, MD, USA) containing 10% fetal bovine serum (FBS, HyClone Technologies, South Logan, UT, USA). The experimental cells mentioned above were inoculated in an incubator of 5% CO 2 at 37°C.
Cell Transfection
circZFR small interfering RNA (si-RNA), si-negative control (NC), miR-206 inhibitor and the NC inhibitor were prefabricated (Life Technologies, Carlsbad, MD, USA) and were transfected into the cell lines used in the experiments. 48 hrs was chosen as the optimal harvest time in the consequent experiments.
Cell Viability
Cells were inoculated in a 96-well plate at the density of 5×10 3 cells per well. Cell viability was measured by Cell Counting Kit-8 (CCK-8, Dojido Laboratories, Tokyo, Japan). In brief, after cell were rinsed, CCK-8 solution was appended to cell culture media, and then cells were cultivated for 1 hr at 37°C in humidified 5% CO 2 and 95% air atmosphere. The absorbance at 450 nm was evaluated by Microplate Reader (Bio-Rad, Hercules, CA, USA).
Colony Formation Assay
The experimental cells were inoculated in a 6-well plate. After that, cells were cultivated for 2 weeks, respectively. After incubation, cells were flushed with phosphate-buffered saline (PBS, Thermo Scientific, Waltham, MA, USA), settled with paraformaldehyde (Sigma Aldrich, St Louis, MO, USA) and stained with crystal violet (Sigma Aldrich) for 15 mins at room temperature. The number of colonies was calculated by utilizing a microscope (Olympus IX81, Tokyo, Japan).
Apoptosis Assay
Cells were inoculated in a 6-well plate for 1×10 5 cells per well. After incubation, treated cells were rinsed twice gently with cold PBS. Apoptotic cells were detected utilizing Annexin V-FITC/PI apoptosis detection kit (Beijing Biosea Biotechnology, Beijing, China). The apoptosis of CAKI-1 and ACHN cells was quantified by flow cytometry (Beckman Coulter, Atlanta, GA, USA).
Luciferase Reporter Assay
Cells were seeded in 12-well plates, which were divided NC mimic group and miR-206 mimic group. Each group was transfected with circZFR-wt and circZFR-mut by Lipofectamine 2000 (Invitrogen, San Diego, CA, USA) in antibiotic free medium for 48 hrs. Luciferase activity was measured with the Dual-Luciferase ® Reporter Assay System (Promega, Madison, WI, USA). The relative luciferase activity was normalized.
Western Blot Assay
Proteins of experimental cells were separated by RIPA lysis buffer (Beyotime Biotechnology, Shanghai, China) fortified with protease inhibitor (Roche, Basel, Switzerland). An equal amount of extracted protein was evaluated utilizing the BCA TM Protein Assay Kit (Pierce, Rockford, IL, USA). Each protein band were detached by 10% SDS-PAGE and then transferred onto a nitrocellulose membrane (Millipore, Boston, MA, USA). Afterward, the appropriate primary antibodies were diluted and incubated with the membranes at 4°C overnight. Primary antibodies were listed as shown below: cleaved-caspase- 3 . β-actin (No. sc-47778, Santa Cruz Biotechnology) was utilized as an endogenous protein for normalization. After the treated membranes were rinsed, they were conjunct with appropriate secondary antibodies labeled with horseradish peroxidase for 1 hr at room temperature. Ultimately, the membranes with protein bands were removed into the Bio-Rad ChemiDoc™ XRS system. Finally, each area of the protein band was detected and assessed by Image Lab™ Software (Bio-Rad). Each test was performed in triplicate experiments.
Migration And Invasion Assay
8 μM transwell chambers (Millipore) were placed in 24well plates in the transwell assay. To assess the migration capacity, experimental cells were inoculated in the upper chambers. As for invasion assay, cells were inoculated in the upper chamber preprocessing with Matrigel (Corning, Corning, NY, USA). Cells in the upper chamber were suspended in 200 μL serum-free culture media. The lower chamber was added with 600 μL complete media containing 10% FBS. After cultivation for 48 hrs, the experimental cells which were not able to migrate or invade would maintain in the upper chamber and they were transferred gently with a cotton swab, and the migrated or invaded experimental cells were immobilized with 4% paraformaldehyde (Beyotime) for 30 mins and then dyed utilizing crystal violet solution for 15 mins. The cells were calculated using a microscope. And statistics were illustrated as the mean value of experimental cells adhered to the underside of the chamber of the five stochastic selected fields for each chamber.
Quantitative Real-Time PCR
Total RNA was separated from transfected cells utilizing tizol reagent (Invitrogen) as stated in the manufacturer's protocols. RNA concentration and purity were measured by UV spectrophotometer at 260 nm and 280 nm. miRNA reverse transcription was worked utilizing the MultiscribeRTkit (Biosystems, Barcelona, Spain). The PCR was utilized of the SYBR ® Green Master Mix (TaKaRa, Tokyo, Japan) following the protocols. The relative expression levels were calculated by the 2− △△ Ct method, all experiments were repeated 3 times.
Statistical Analysis
Each analysis was repeated at least triple times. The evidence of various experiments was performed as the mean ± SD and measured utilizing SPSS 19.0 statistical software (SPSS, Chicago, IL, USA). The p-values were determined by a one-way analysis of variance (ANOVA) or Student t-test. A p-value of <0.05 was considered statistically significant.
Results circZFR Is Remarkably Expressed In Renal Carcinoma Tissues And Cells
To investigate whether circZFR expression was changed in RCC tissues and cells, qRT-PCR was utilized to assess circZFR expression. As shown in Figure 1A , circZFR expression was remarkably escalated in renal carcinoma tissues as compared with para-carcinoma tissues (p<0.001). Moreover, the circZFR expression in renal carcinoma cells and normal tubular epithelial cell line was detected. And the expression was notably raised in CAKI-1, ACHN, A498 and KTCTL-26 cells (p<0.05 or p<0.01, Figure 1B ).
Knockingdown circZFR Inhibits Cell Proliferation And Induces Apoptosis Of CAKI-1 And ACHN Cells
To investigate whether si-circZFR was transfected into the experimental cells successfully, qRT-PCR was carried out to access the expression level of experimental cells. Both in CAKI-1 and in ACHN cells, circZFR expression was significantly decreased under the condition of knocking down circ-ZFR (p<0.01, Figure 2A ). The consequences of CCK-8 assay suggested that cell viability was inhibited by knocking down the expression of circZFR (p<0.05 or p<0.01, Figure 2B ). Sequentially, colony formation assay was utilized to measure the colony formation capacity of experimental cells; knockdown of circZFR strongly suppressed the proliferation (p<0.01, Figure 2C ). Furthermore, apoptosis of cells was estimated by flow cytometry, and knockdown of circZFR notably developed the apoptosis rate (p<0.001, Figure 2D ). As indicated in Figure 2E -H, the cleaved-caspae-3 and cleaved-caspase-9 expression was all notably raised in CAKI-1 and ACHN cells (p<0.001). All data indicated that silencing circZFR could inhibit the proliferation and induce apoptosis and the cleavage of caspases in CAKI-1and ACHN cells.
Knockingdown circZFR Inhibits The Migration And Invasion Of CAKI-1 And ACHN Cells
To further investigate whether circZFR affects the experimental cell migration and invasion, transwell assays were utilized. Ability of cell migration and invasion was notably declined by silencing circZFR (p<0.01, Figure 3A and B ). MMP-9 and Vimentin expression was determined by Western blot. The protein expression was markedly declined when silencing circZFR in CAK-1 and ACHN cells (p<0.05 or p<0.01, Figure 3C and F). Thus, this evidence indicated that knockdown of circZFR restrained invasion and migration capacity in experimental cells.
miR-206 Is A Target Of circZFR
Statistical analysis indicated that miR-200 was a candidate circZFR target. The circZFR sequences were cloned to form reporter plasmids. Luciferase reporter assay results showed that upregulating miR-206 reduced the luciferase activity of circZFR-wt (p<0.05). However, the luciferase activity showed no significance on circZFR-mut when upregulating miR-206 ( Figure 4 ).
Knockingdown circZFR Elevates miR-206 Expression
In order to determine the relation between circZFR and miR-206, miR-206 expression was stimulated by silencing circZFR. miR-206 expression level was strongly raised by knockdown of circZFR (p<0.01, Figure 5 ).
Knockingdown circZFR Inhibits Proliferation And Induces Apoptosis Via Upregulating miR-206
To identify whether miR-206 was transfected into experimental cells successfully, qRT-PCR was utilized to identify miR-206 expression. miR-206 expression was remarkably enhanced after transfected with miR-206 inhibitor (p<0.01, Figure 6A ). As shown in Figure 6B , viability was attenuated when downregulating miR-206 (p<0.05). Similarly, the decline of colony formation capacity was alleviated by downregulating miR-206 (p<0.05, Figure 6C ). Flow cytometry was utilized to measure the apoptosis of experimental cells. The apoptotic cells were partly lessened by when downregulating miR-206 both in CAKI-1 and in ACHN group (p<0.05, Figure  6D ). Changes of cleaved-caspase-3 and cleaved-caspase-9 expression in CAKI-1 cells were identified by Western blot. This protein expression was notably declined by downregulating miR-206 in CAKI-1 cells (p<0.01, Figure 6E and F). The expression of proteins mentioned above in ACHN cells was detected by Western blot. As expected, this protein expression was notably declined by downregulating miR-206 in ACHN cells (p<0.05 or p<0.01, Figure 6G and H). 
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Knockingdown The circZFR Suppresses Migration And Invasion Capacity By Upregulation Of miR-206 In CAKI-1 And ACHN Cells
In the transwell assay, cell migration and invasion were notably raised in a certain degree in both CAKI-1 and ACHN cells (p<0.05, Figure 7A and B). As the data suggested in Figure 7C and D, MMP-9 and vimentin expression was declined by knockdown of circZFR in CAKI-1 cells (p<0.05 or p<0.01). Meanwhile, this protein expression mentioned above was notably raised by downregulating miR-206 expression in ACHN cells (p<0.05 or p<0.01, Figure 7E and F).
Met Is The Target Of miR-206 In CAKI-1 And ACHN Cells
To confirm the effect of miR-206 on Met, gene expression and protein expression of Met was quantified utilizing qRT-PCR and Western blot. First, miR-206 gene expression was dramatically elevated both in CAKI-1 and in ACHN cells (p<0.001, Figure 8A ). As indicated in Figure 8B and C, Met expression was remarkably declined by upregulating miR-206 in CAKI-1 and ACHN cells (p<0.01). Oppositely, Met expression was markedly raised by downregulating miR-206 (p<0.05). Furthermore, the luciferase activities of Met-wt and Met-mut in HEK293 cells were determined. Met-wt luciferase activity was notably reduced by upregulating miR-206 (p<0.05). However, Met-mut luciferase activity showed no significance when upregulating miR-206 ( Figure 8D ).
Knockingdown circZFR Suppressed Wnt/ β-catenin And PI3K/AKT Pathways Through Upregulating miR-206
As a next step, Met expression was silenced in CAKI-1 and ACHN cells. Met expression was remarkably declined in both cells (p<0.01, Figure 9A and B) .
To determine the potential mechanism of circZFR, Western blot was carried out to assess the associated protein expression. Wnt3a and β-catenin expression was obviously reduced when silencing circ-ZFR (p<0.05). Conversely, Wnt3a and β-catenin expression was remarkably elevated by downregulating miR-206 in CAKI-1 cells (p<0.01). Subsequently, the expression was markedly declined when downregulating Met (p<0.01, Figure 10A and B). Similarly, Wnt3a and β-catenin expression showed the same changes in ACHN cells (p<0.05 or p<0.01, Figure 10C and D). In addition, the rates of p/t-PI3K and p/t-AKT were strongly reduced when silencing circ-ZFR (p<0.05). Moreover, the rates were escalated when downregulating miR-206 (p<0.01). Furthermore, the escalation was reversed by downregulating Met in CAKI-1 cells (p<0.01 or p<0.001, Figure 10E and F). Sequentially, PI3K and AKT expression was detected in ACHN cells. The rates of p/t-PI3K and p/t-AKT were similarly reduced by silencing circZFR (p<0.05). And the rates then elevated by downregulating miR-206 (p<0.05 or p<0.01). Finally, the rates were dramatically declined when downregulating Met (p<0.01 or p<0.001, Figure 10G and H). Discussion circRNAs have been found for more than 40 years. However, the functions of circRNAs are recognized in recent years. Accumulating researches illustrated that circRNAs played vital roles in human cancer pathogenesis. 13 For instance, circPPP1R12A promoted the growth, proliferation, invasion and metastasis of colon cancer via Hippo-YAP signaling pathway. 23 Wu et al demonstrated circTADA2A increased the migration, invasion and proliferation of osteosarcoma cells and functioned as a tumor promoter in osteosarcoma. 24 Hsa_circ_0000337 was proved to conduct proliferation, migration and invasion capacity of esophageal squamous cancer, indicating hsa_circ_0000337 as a lardaceous diagnostic biological marker and possible therapeutic spot. 25 According to previous research, Wei et al investigated the function of circZFR in papillary thyroid cancer cells and the relationship between circZFR and miR-126. 13 However, the relationship between circZFR and RCC remains widely unknown. We examined the effect of circZFR on experimental cells for the first time in the current investigation. The data suggested that circZFR was exceedingly expressed in tumor tissues. We revealed that knockdown of circZFR suppressed viability, migration and invasion capacity of the experimental cells. Moreover, we speculated the potential pathways and the relation between circZFR and miR-206. The results indicated that circZFR promoted RCC progression via Wnt/β-catenin and PI3K/AKT pathways. miRNAs participated in numerous biological and pathological proceedings, such as proliferation, metastasis, apoptosis and so on. 3, 14 According to Wei's research, miR-206 expression in RCC cells and tissues was both notably downregulated; miR-206 suppressed the growth, proliferation and migration in RCC cell lines. 26 Similarly, Cai et al investigated that downregulating miR-206 expression had an effect on suppressing proliferation and invasion in ccRCC. 27 Those research indicated miR-206 was a critical factor in tumorgenesis and development. Besides, miR-206 inhibited proliferation and migration on hepatocellular carcinoma cells. 28 In the current research, we also suggested that miR-206 played a crucial role as a suppression factor in RCC. Furthermore, miR-206 could act as a downstream effector of circZFR, as its expression was negatively regulated by circZFR, and the effects of circZFR silence on RCC cell lines were attenuated when miR-206 was silenced. Nowadays, accumulating studies indicated circRNAs could exert their function through binding with miRNAs. 29, 30 For instance, circZFR was proved to promote hepatocellular carcinoma development via regulation of miR-3619-5p/CTNNB1 axis. 10 circZFR promoted cell proliferation as well as invasion capacity on papillary thyroid tumor by regulating miR-1261. 13 In our study, we investigated the correlation of circZFR and miR-206, knockdown of circZFR remarkably upregulated miR-206 expression both in experimental cells. Furthermore, circZFR could effect viability, proliferation, apoptosis, migration and invasion capacity by upregulating miR-206. In addition, further studies are still required to confirm this hypothesis.
Met is a receptor tyrosine kinase that is dysregulated by gene mutation, gene amplification, protein overexpression and ligand-dependent autocrine or paracrine loops. 31 In both clear and nonclear cell RCC, the increase of both total Met and phospho Met expression is associated with poor prognosis. 32 Besides, Met was the target gene according to a previous study. Moreover, Met was studied to be functioned in RCC. 33 Another study reported that Wnt/βcatenin pathway was the downstream effector of Met in glioblastoma stem cells. 34 In the current study, Met expression was remarkably declined by upregulating miR-206 and then notably elevated when downregulating miR-206 in CAKI-1 and ACHN cells. Combined with luciferase report assay, we confirmed that Met could be targeted by miR-206.
Wnts function in encoding a wide family secreted proteins which have various roles in cell proliferation, migration and differentiation. 35 Wnt family genes play a vital part in human organogenesis and tumorgenesis. Additionally, they are associated with renal progress and initiation of several kinds of renal diseases including renal malignancy. 36, 37 Wnts also regulate comprehensive cellular behavior including differentiation, proliferation, migration and survival. 38 A previous report showed that Wnt signaling pathway promoted proliferation in early kidney development. 37 β-catenin is the ultimate effector of Wnt signaling pathway and is emerging as a decisive molecule in the pathogenesis of renal cancer. Accumulating research reported that the overexpression of β-catenin in RCC is correlated with high incidence. 39 Thus, we detected Wnt3a and β-catenin expression, which was decreased by knocking-down circZFR, and the decrease was reversed by silencing the expression of miR-206. Subsequently, the expression was dramatically declined by downregulating Met. The data indicated knockdown of circZFR suppressed Wnt/β-catenin signaling pathway via upregulation of miR-206 and Met expression. PI3K/AKT pathway is genetically spotted in more pathway ingredients and in more tumor sorts than other growth factor signaling pathways. PI3K/AKT signaling pathway is moderately muted but exceedingly triggered in RCC and represented a bright treatment target. As a matter of fact, PI3K pathway inhibitors are authorized for use in RCC. 40 In our study, we proved that PI3K/AKT signaling pathway was suppressed by circZFR. On the other hand, silencing miR-206 and Met reversed the suppression. These findings indicated the mechanism of circZFR had an affect on RCC through these two pathways mentioned above by targeting miR-206/Met axis.
Conclusion
On the whole, the present study is the first to indicate that si-circZFR could affect growth, migration and invasion in RCC. Moreover, the suppression of si-circZFR on cell growth, migration and invasion capacity was attenuated via upregulation of miR-206 expression. And si-circZFR may, therefore, act as a regulator through targeting miR-206/Met axis in RCC progression. These findings uncovered a novel molecular mechanism of circZFR and miR-206 effect on RCC and provided an innovative target for clinical treatment.
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